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(57) Abstract: A method for detecting an obstruction in a flow 
duct is provided. The method includes the steps of directing gas 
through at least one port of the flow duct, measuring a flow noise 
level of the gas directed through the at least one port, and compar- 
ing the noise level with a predetermined noise level. In the event 
that the flow noise level exceeds the predetermined noise level by 
at least a threshold amount, then the method includes the step of 
indicating the presence of an obstruction in the at least one port. 
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METHOD OF DETECTION OF FLOW DUCT OBSTRUCTION 
FIELD OF THE INVENTION 

[0001] This invention relates to obstruction detection in flow ducts and in 
particular to a method for detecting an obstruction in an exhaust manifold. 

BACKGROUND OF THE INVENTION 

[0002] Conventional exhaust manifolds used in automobile manufacturing, for 
example, are cast using known sand casting methods. As a result, many exhaust 
manifolds that are produced are blocked or partially blocked by entrapped metal or 
other material such as sand. Thus, each exhaust manifold is tested for blockage or 
partial blockage that results from the production process. 

[0003] One known method of testing for an obstruction includes the use of a ball 
bearing. The bail bearing is dropped in one end of a port of the manifold and falls by 
gravity through the manifold and out the opposite end of the port. Each port of the 
manifold is tested successively This method suffers from many disadvantages. For 
example, dropping a bail bearing through each port is time consuming by 
manufacturing standards. Also, a partial biockage may not be detected depending 
on the size of the bail bearing and the location of the blockage. 

[0004] Exhaust manifolds are also tested by connecting a blower to one end of a 
port, capping all other ports except the port that is being tested for blockage, and 
measuring back pressure near the blower. An obstruction is detected by comparing 
the back pressure to a reference value determined from similar, but unobstructed 
ports. Each port of the manifold is tested successively using this method. While this 
testing method has achieved extensive use, it suffers from the disadvantage that 
small obstructions are often undetected because they cause indiscernible changes in 
the back pressure. 

[0005] Accordingly it is an object of an aspect of the present invention to provide a 
method and apparatus for detection of blockage or partial blockage of an exhaust 
manifold that mitigates at least some of the disadvantages of the prior art. 
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SUMMARY OF THE INVENTION 

[0006] In an aspect of the present invention, there is provided a method for 
detecting an obstruction in a flow duct The method includes the steps of directing 
gas through at least one port of the flow duct, measuring a flow noise'level of the gas 
directed through the at least one port, and comparing the noise level with a 
predetermined noise level. In the event that the flow noise level exceeds the 
predetermined noise level by ai least a threshold amount, then the method includes 
the step of indicating the presence of an obstruction in the at least one port. 

[0007] In another aspect of the present invention, the flow duct is an exhaust 
manifold. 

[0008] Advantageously, the present invention provides a fast and reliable method 
of detecting an obstruction in a flow duct, and in particular in an exhaust manifold. 
The present invention can be integrated into current automotive manufacturing 
production lines and can be fully automated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention will be better understood with reference to the 
accompanying drawings, in which: 

[001 0] Figure 1 is an automobile exhaust manifold of the prior art; 

[0011] Figure 2 shows a test apparatus according to an embodiment of the present 
invention; 

[001 2] Figure 3 is a flow chart of a method of detecting a flow duct obstruction 
according to an embodiment of the present invention; 

[0013] Figures 4a, 4b, 4c and 4d are graphs showing results of measurement of 
ninety-three unobstructed manifolds (each figure being for one port), according to an 
aspect of an embodiment of the present invention; and 

[0014] Figures 5a and 5b are graphs showing the results of percentage difference 
between the value of the RMS voltage for obstructed manifolds and averaged values 
for unobstructed manifolds according to another aspect of the embodiment of Figures 
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4a to 4d. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

[001 5] Reference is first made to Figure 1 , an automobile exhaust manifold of the 
prior art indicated generally by the numeral 20 in order to describe a preferred 
embodiment of the apparatus for detecting an obstruction in a flow duct. The 
exhaust manifold 20 includes an exhaust outlet 22 and four exhaust ports, a first port 
24, a second port 26, a third port 28 and a fourth port 30, 

[0016] Referring now to Figure 2, the test apparatus includes a blower with a 
connecting pipe 32 which is connected to the exhaust outlet 22 for forcing air flow 
through the exhaust manifold 20. A microphone 40 is disposed in a radial hoie in the 
connecting pipe 32 and is fitted flush with the interior surface of the connecting pipe 
32, proximal the exhaust manifold 20. The microphone is fitted flush with the interior 
surface of the connecting pipe 32 to inhibit the introduction of erroneous airflow 
noise caused by the addition of the microphone. For similar reasons, the connecting 
pipe 32 to exhaust outlet 22 connection is preferably a smooth transition. In the 
present embodiment, the microphone 40 is a pressure transducer connected to a 
power supply and preamplifier 42, which is connected to a frequency analyzer 44 and 
a mean square (RMS) voltmeter 48 for detecting the level of flow noise. A filter 46 is 
shown between the RMS voltmeter 48 and the preamplifier 42 and will be discussed 
below. A suitable microphone is a G.R.A.S. Type 40 BP Pressure Microphone". The 
microphone has a flat frequency response up to 25 kHz. 

£0017] The acoustic response of each port (or the noise generated by flow in 
each port) 24, 26, 28, 30 of the manifold is measured by closing three of the four 
ports 24, 26, 28, 30 to inhibit flow of air through these ports. Thus, when 
measurement is carried out on the first port 24, the second, third and fourth ports 26, 
28, 30, respectively, are closed by sealing with a gasket and a clamped plate on the 
open end of each port 26, 28, 30. Similarly, when measurement is carried out on the 
second port 26, the first, third and fourth ports 24, 28, 30, respectively are closed. It 
will be appreciated that the third port 28 and fourth port 30 are similarly measured by 
opening the port to be tested and closing the remaining ports. 

[001 8] The present description is directed to the measurement of the first port 24 
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for the purpose of simplicity, it is to be understood that each of the procedural steps 
are repeated for each of the remaining ports. 

£0019] Reference is now made to Figure 3 to describe a method of detecting a 
flow duct obstruction according to an embodiment of the present invention. Prior to 
testing of a manifold (or port of a manifold), the acoustic responses of several 
manifolds that do not contain obstructions are measured at step 100. In each of 
these manifolds air is forced through the first port 24 while the remaining ports 26, 
28 7 30 are dosed. The 1/3 octave noise spectra are measured using the microphone 
40 and any suitable apparatus yielding 1/3 octave spectra of the microphone signal 
The RMS voltage for each 1/3 octave is recorded. These measurements are 
repeated for each port of each unobstructed manifold. 

[0020] At step 102, the acoustic responses of several manifolds that are known 
to contain obstructions are measured. In each of these manifolds, air is forced 
through the first port 24, which contains an obstruction, with the remaining ports 26, 
28, 30 being closed and the 1/3 octave noise spectra are measured in a way similar 
to that mentioned above. The RMS voltage for each 1/3 octave is recorded. These 
measurements are repeated for each port of each manifold {each port including an 
obstruction during measurement). 

[0021] At step 104, the 1/3 octave spectra representing noise of the first port 24 
of the manifolds that do not contain an obstruction are averaged. At step 106, the 
1/3 octave spectra representing noise of the first ports 24 that contain an obstruction 
are compared to the averaged spectrum from step 104. Next, a desired frequency 
range over which an obstruction is identifiable is determined at step 1 08. It will be 
understood that this averaging and comparison of the 1/3 octave noise spectra is 
carried out for each port 24, 26 T 28, 30- The desired frequency range is a frequency 
range over which there Is a measurable difference between the output voltages (or 
the noise levels) of obstructed and unobstructed manifolds. The preferred frequency 
range is the frequency range at which this difference is maximum. This frequency 
range is also referred to as the obstruction "Imprint* or signature and is determined 
by experimentation, as will be discussed further below. In the present embodiment 
the 1/3 octave band with a center frequency of 4000 Hz is of particular interest. It will 
be understood that other types of spectra (e.g. one or 1/10 octave spectra) can be 
used and a procedure similar to that described above wilt essentially identify the 
frequency range of interest. 
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{0022] The recorded output voltages representing the noise levels of the first port 
24 of the unobstructed manifolds are averaged as described above and the average 
for the selected frequency range is used as a baseline or control for comparison 
purposes. At step 110, the maximum noise level difference, or maximum percent 
deviation from the baseline, is then measured for the first ports 24 of unobstructed 
manifolds- A similar baseline and maximum noise levei difference or deviation is 
determined for each of the ports of the unobstructed manifolds. 
[0023] At step 112, testing of a manifold (referred to herein as the test manifold) 
is carried out in order to detect an obstruction. With the remaining ports dosed, a 
flow of air is forced through the first port 24, from the blower. The microphone and a 
true RMS voltmeter are used to measure the acoustic response (flow noise level) 
caused by air flow through the first port 24. A band-pass analog filter 46 is used 
between the microphone and the voltmeter to discard the noise signal outside the 
frequency range of Interest Thus, a 3 kHz to 5 kHz band-pass analog filter is 
preferable as the use of such a filter provides a simpler and faster approach. 

[0024] For the frequency range of interest, the measured flow noise level in the 
first port 24 of the test manifold is compared to the averaged output voltage 
(baseline) of the first ports 24 of the unobstructed manifolds at step 114, The 
measured flow noise level in the first port 24 of the test manifold is significantly higher 
than the averaged output voltage (baseline) of the first ports 24 of the unobstructed 
manifolds when the first port 24 of the test manifold is obstructed. Thus, when the 
first port 24 of the test manifold is obstructed, the difference between the measured 
value of the flow noise level in the first port 24 of the test manifold and the averaged 
value (baseline) of the first ports 24 of the unobstructed manifolds exceeds the 
maximum noise level difference (deviation) between the baseline and the first ports 
24 of the unobstructed manifolds. Therefore the maximum noise levei difference 
(deviation) of unobstructed ports from the baseline is a threshold value for 
comparison with the difference between the measured response of one port of the 
test manifold at step 116. As will be appreciated, similar comparisons are made for 
each of the second, third and fourth ports 26, 28, 30, respectively, in order to 
determine if there Is an obstruction in any of these ports. 

[0025] The following experimental work and examples are submitted to further 
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illustrate embodiments of the present invention. These examples are intended to be 
illustrative only and are not intended to limit the scope of the present invention. 

EXPERIMENTAL 

[0026] Initially measurements were taken over a large frequency range and 
narrow-band spectra were determined from averages of several samples. Also, 
experimental measurements were carried out using two different blower speeds, 35 
Hz and 60 Hz. In order to determine the desired frequency range, the obstructed 
manifolds were compared to unobstructed manifolds over a frequency range of 0 to 
8192 Hz with 1 Hz resolution. The averaged spectra for the obstructed and 
unobstructed manifolds were examined over 1/3 octave frequency bands, as is 
standard in acoustics. A positive increase in the spectrum level for each obstructed 
port, compared to the corresponding unobstructed averaged spectrum was detected 
at all frequencies between 4000 Hz and 8000 Hz and particularly in the 4000 Hz 
band for different types of obstructions. It was determined that the percentage 
increase is sufficiently independent of the blower speed used. 

EXAMPLES 

[0027] The following experiment was carried out using a 3 kHz to 5 kHz band- 
pass analog filter and the true RMS voltage was amplified using a gain of 20, and 
recorded. The output voltage was determined for each port of a number of 
unobstructed manifolds and the output voltages for each port were averaged to 
create a baseline or control for each port. Figures 4a, 4b, 4c and 4d show the results 
of the measurement of ninety-three unobstructed manifolds. Each of these four 
graphs corresponds to measurements of one of the four ports for all of the ninety- 
three manifolds and shows the percentage difference (or deviation) between the 
measured value for each manifold and the calculated average or baseline. It should 
be noted that the percentage difference is higher for the initial 30 manifolds 
measured. This was a result of error in measurement and recording and was 
corrected with experimental experience. The highest difference is less than 10 
percent, as shown in each of these Figures, 

[0028] Referring now to Figures 5a and 5b, eight known obstructed manifolds 
were then tested using the same procedure. Figures 5a and 5b show the percent 
difference between the value of the RMS voltage measured from the known 
obstructed manifolds and the averaged value or the baseline for unobstructed 
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manifolds. Note that Figures 5a and 5b correspond to measurements of the fourth 
and the first port of the manifolds, respectively. No Figures are provided for the 
second and third ports, as these ports were not obstructed in any of the eight 
manifolds tested. Note that the fourth port of each of the manifolds, with the 
exception of the second manifold, was obstructed. Also, the first port of only the 
second manifold was obstructed. Thus, each of the manifolds with an obstruction 
showed at least a 44%1ncrease in the measured RMS voltage in the obstructed port 
and thus the obstruction was easily detected in each of these cases. 

[0029] The present invention has been described with reference to the preferred 
embodiment and numerous modifications and changes will occur to those of skill in 
the art. For example, a band-pass analog filter is not necessary; a digital filter with 
fixed or adjustable cut-off frequencies can be used or the 1/3 octave method. A fast 
data acquisition arid analysis system can be used to analyze the whole frequency 
range and then the noise level over the frequency range of interest. Air can flow 
through the manifold in either direction and the microphone position can differ from 
that described. The three ports closed during measurement of a port can be closed 
by means other than a gasket and a clamped plate. Also, the present invention can 
be used to detect obstructions tn other flow ducts and is not limited to an automobile 
exhaust manifold. Further, other exhaust manifolds with any number of ports can be 
tested using the present invention. The desired frequency range may also vary. 
Many other variations and modifications are possible and all such modifications are 
within the scope and sphere of the present invention as defined by the claims 
appended hereto. 
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What is claimed is: 

1 , A method for detecting an obstruction in a flow duct comprising: 
directing gas through at least one port of said flow duct; 

measuring a flow noise level of said gas directed through said at least one 

port; 

comparing said noise level with a predetermined noise level; and 
in the event that said flow noise level exceeds said predetermined noise level 
, by at least a threshold amount, then indicating the presence of an obstruction in said 
at least one port 

2, The method according to claim 1 wherein said predetermined noise level 
is a predetermined average noise level representative of the noise level of an 
unobstructed part. 

3, The method according to claim 1 wherein said flow duct is an exhaust 
manifold. 

4, The method according to claim 3 wherein each of said steps of directing 
gas, measuring a flow noise level, comparing said noise level and determining if an 
obstruction is present are repeated for each port of said manifold for detecting if any 
one of the ports of said manifold are obstructed, 

5, The method according to claim 1 further comprising: 

obtaining an acoustic noise spectral analysis on known obstructed and known 
unobstructed flow ducts prior to measuring said flow noise level to identify a 
frequency range of interest; and 

calculating said predetermined noise level by averaging noise levels over said 
frequency range for said known unobstructed flow ducts. 

6, The method according to claim 5 wherein said threshold amount is 
calculated by determining the maximum difference between said known unobstructed 
flow ducts and said predetermined noise level. 

7, The method according to claim 5 wherein said step of measuring a flow 
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noise level includes filtering for discarding noise above and below said frequency 
range. 

8. The method according to cfaim 1 wherein said gas Is air. 

9, The method according to ciaim 1 wherein said flow noise level is 
determined by measuring the root mean square amplitude of the noise. 

10. The method according to claim 1 wherein said flow noise level is 
measured using a microphone, 

11, The method according to claim 10 wherein said microphone is a pressure 
transducer. 
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Figure 1 (Prior Art) 
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